Abstract : A study was conducted to determine the interdependence among the conformation traits of 28 "Pallaresa" cows using principal component analysis. Originally 21 body linear measurements were obtained, from which eight traits are subsequently eliminated. From the principal components analysis, with raw varimax rotation of the transformation matrix, two principal components were extracted, which accounted for 65.8% of the total variance. The first principal component alone explained 51.6% of the variation, and tended to describe general size, while the second principal component had its loadings for back-sternal diameter. The two extracted principal components, which are traits related to dorsal heights and back-sternal diameter, could be considered in selection programs.
Introduction
Body size and conformation are important traits in meat animals [13] and phenotypic information becomes imperative [1] . Analysis of variance and product moment correlations are widely used to characterize phenotypic and genetic relationships among traits in a breeding program [14] . However, principal component analysis is a more refined technique for analyzing data on linear body measurements and performances [6, 7] . Principal components are linear combinations of the original traits and are estimated in such a way that the first principal component can explain the largest percentage of the total phenotypic variance. This paves way for the explanation and identification of trait groups, which can allow a quantitative measure for animal conformation with fewer parameters. The resulting principal components or loading may decrease the dimension of the explanatory variables.
The "Pallaresa" or "Blanca del Pallars" breed is a native population of beef cattle found in the western regions of the Catalan Pyrenees (Catalonia, NE Spain). For a long time, these animals were raised to take advantage of their three aptitudes: work, meat and milk. Since the second half of the last century, population size decreased dramatically in favor of the "Bruna dels Pirineus" breed [4] which belongs to the Brown Alpine group.
At the present time (2011), the "Pallaresa" is on the brink of extinction, as only 49 breeding animals remain (2 bulls, 36 cows and 11 veals). The four remaining herds represent the last vestiges of the breed which can be considered as a typical example of a breed in "relic state" in Catalonia while "Bruna dels Pirineus" is widely extended in the area. Its importance as genetic and cultural heritage and its contribution in maintaining the landscape and ecosystem, as well as its unquestionable interest as a tourist attraction, make it an irreplaceable element in this area [4] . In 2001 an official recovery program was initiated.
The present investigation explores the relationships among body dimensions in the "Pallaresa" breed using Principal Component Analysis (PCA) with the view of reducing the number of body measurements required in ranking programs and also to explain the body conformation.
Materials and Methods
Twenty-eight extensively managed "Pallaresa" cows from three different farms were measured. Originally 21 metric traits were obtained on each animal following standard procedure and anatomical reference points described elsewhere [3] . The body linear measurements consisted of withers height (WH), back height (BH), rump height (RH), chest height (CH), back-sternal diameter (DL), body length (BL), thorax width (TW), shoulder width (SW), thorax girth (TG), rump width (RW), rump length (RL), cannon perimeter (CP), horn perimeter (HP), outer horn length (HoL), head length (HL) and width (HW), skull length (SkL) and width (SkW), face length (FL) and width (FW), and head depth (HD). Only adult specimens (> 24 months) were included in this study, *Corresponding author Tel: +34-973-70-64-60, Fax: +34-973-70-28-74 E-mail: peremiquelp@prodan.udl.cat because the developing skeleton undergoes large changes in size and proportions during growth. Birth data was known for all animals from official individual documentation. Morphological measurements were done with a zoometric stick, a compass and a tape measure. All measurements were recorded once and by the same person (Ignasi Sinfreu, technician of the official breeding association) to avoid betweenrecorder effects. No specimens had missing measurements. Ethical approval was not necessary as animals were minimally manipulated. Main statistical values of each measurement were computed. The correlation coefficients and the variance-covariance values were also determined. From the variance-covariance matrix, data for the PCA with two components were generated. Kaiser-Meyer-Olkin (KMO) test of sampling adequacy and Bartlett's test of sphericity were computed to establish the validity of the data set (KMO's measure determines whether the common factor model is appropriate. The KMO should be greater than 0.5 for a satisfactory factor analysis to proceed; for Bartlett's test, if it is significant it means that the correlation matrix is not an identity matrix). Rotation of principal components was through the transformation of the components to approximate a simple structure. The raw varimax criterion of the orthogonal rotation method was employed for the rotation of the factor matrix (the aim of the varimax rotation is to maximize the sum of variances of a quadratic weight). Cumulative proportion of variance criterion was finally employed to determine the number of components to extract. Statistic analysis was performed using Factor ver. 7.00 [5] and PAST [2] .
Results
Main statistic values for linear body measurements are presented in Table 1 . Eight traits were subsequently eliminated because their distribution is not normal [chest height, thorax width, rump length, head width, skull length and width, face length and width]. Pearson's coefficient of correlation matrix for normally distributed measurements is shown in Table 2 . Moderate to high estimates were attained for most of the variables. In the factor analysis for the extant thirteen traits, the KMO measure of sampling adequacy was 0.725. Bartlett's test of sphericity was significant (chi-square = 321.0, p < 0.01). The determinant of the matrix was 0.000000412510722 and so the variance of the variables can be reproduced using the other variables.
The first two components (PC1 and PC2) were selected, accounting cumulatively for 65.8% of the variance in the remnant thirteen traits ( Table 3 ). The first principal compo- nent (PC1) accounted for 51.6% of the total variance and clearly distinguished dorsal heights. The second PC (PC2) summarized 14.2% of the variation, and showed a differentiation pattern with back-sternal diameter. The communalities (0.305~0.931) observed indicated that a good amount of variance has been accounted for by the component solution. For withers height, back height and rump height, it means that about 88.5%, 93.1% and 90.9% respectively of their variance has been captured by the two PC together. All traits presented coefficients > 0.300 and showed a negative relative contribution of each trait to the PC1 (Table 3) . Being of the same sign, the PC1 seemed to be explaining the body size of the cow.
Discussion
Shoulder width, rump width and horn perimeter were the more variable parameters but in general all traits showed low variance. This could be attributed to a low degree of environmental effects and the same condition of all animals. The obtained metric traits were in general slightly minor than those obtained by Jordana et al. [4] , although no statistical test has been applied to compare them. Probably the differences are due to a simple individual variation.
The result of PCA is slightly lower to those obtained by other authors. Pundir et al. [8] studied Kankrej cows using 18 measurements and these explained 66.0% of total variation. Salako [10] who studied Uda sheep using seven measurements and these explained 67.7% of the total variation.
Curiously, both Yakubu & Ayoade [13] in rabbit as Shahin et al. [12] in buffalo obtained positive loadings on all body measurements. The variables associated with withers height, back height and rump height had the highest loadings (component-variate correlations), followed by thoracic girth. It corroborates the submission of Pundir et al. [8] , Salako [10] , Shahin & Hassan [11] and Yakubu & Ayoade [13] , between others, for whom the PC1 can be considered as a generalized size factor. Similarly, Ruales-España & Perdomo [9] extracted eight principal components from 31 original traits and concluded that these could be of great importance in the determination of body attributes of criole Romosinuano cow. Size can be synonymous with body mass as traits correlated with live weight, such thoracic girth, present a high communality (0.771). Moreover, as it has been seen, high relationship appeared between thoracic girth and withers height, back height and rump height, this could imply that selection for any of these traits will lead to improvement in the other. More importantly, any of these body dimensions could serve as a predictor of body mass. Thus body weight can be estimated by size. Because this multicollinearity of interdependent explanatory variables, it could lead to erroneous Loadings lower than absolute 0.300 are omitted.
inferences if only thoracic girth was used as predictor. The PC2 had its loading for back-sternal diameter. So, the use of orthogonal characters (PC1 and PC2) derived from the PCA can be more reliable in predicting body size compared to the use of the original body measurements. These first two PC could be exploited in the evaluation and comparison of animals and thus provide an opportunity to select the animals based on a small group of traits rather than on isolated traits. Our results suggest that the present PCA provided a means for a reduction in the number of biometric traits to be recorded in "Pallaresa" cows [withers height, back height, rump height and thoracic girth] which could be used in ranking programs as a mean to explain the body conformation.
